The island of Newfoundland, the first of England's overseas colonies, was settled from the 17th century onward by restricted numbers of English, Irish, and French immigrants, in small ''outport'' communities that have maintained geographic, religious, and linguistic isolation to the latest generations. To measure the extent of modification and loss of genetic variation through founder effect, drift, and inbreeding in this historically isolated population, we analyzed the complete mitochondrial DNA (mtDNA) genomes and 14 microsatellite loci from each of 27 individuals with matrilineal ancestries extending to the colonial period. Every individual has a unique mtDNA genome sequence. All but one of these genomes are assignable to one of five major (H,J,K,T, and U) or minor (I) European haplogroups. The possibility of homoplasy at single nucleotide polymorphism (SNP) sites that define subtypes within the H haplogroup is discussed. Observed haplogroup proportions do not differ significantly from those of western Europeans or between English and Irish Newfoundlanders. The exceptional individual is a member of haplogroup A2, who appears to be the descendant of a Mi'kmaq First Nations mother and a French father, a common marriage pattern in the early settlement of Newfoundland. Microsatellite diversity is high (H E = 0.763), unstructured with respect to mtDNA haplotype or ethnicity, and there is no evidence of linkage disequilibrium. There is a small but significant degree of inbreeding (F IS = 0.0174). Collection of whole mtDNA genome data was facilitated by the use of microarray sequencing, and we describe a simple algorithm that is 99.67% efficient for sequence recovery.
Introduction
The importance of Newfoundland as a place to study human genetics stems from the history of its early settlement. After European rediscovery in 1497 and until confederation with Canada in 1949, the island of Newfoundland was the oldest of England's overseas colonies (Prowse 1895; Mannion 1977; Rowe 1980) . English fisherman initially conducted a nonresident ''migratory'' seasonal fishery, but overwintering establishments in support of the fishery occurred as early as 1527 at St. John's (Handcock 1989) , and permanent settlement was attempted beginning in 1621 (Prowse 1895) . By 1675, English Protestants inhabited more than 30 sites between Bonavista and Trepassey along the Avalon Peninsula of eastern Newfoundland (Fig. 1) . Almost all of these ''outport'' communities were founded by fewer than five families, drawn from highly localized regions of southwest England (Mannion 1977) . Irish Catholic immigrants are documented by 1675 in St. John's, and by 1753 all major communities on the Avalon Peninsula had Irish majorities (Rowe 1980; O'Neill 2003) . The French also maintained small settlements in support of an extensive migratory fishery from 1500 onwards, on the north coast westward from Bonavista to Point Riche on the Northern Peninsula (the ''Petit Nord''), the Port au Port Peninsula, and St. George's Bay, and subsequently as far south as Cape Ray (the ''French Shore'') (Winsor 1887).
Throughout the 17th-20th centuries, intermarriage among these diverse settlements was limited by religious, linguistic, socioeconomic, and geographic barriers. Outport communities have typically remained small and isolated, and their progeny remained near the original settlements, such that current regional populations are relatively homogeneous genetically (Crawford et al. 1995; Young et al. 1999; Martin et al. 2000; Parfrey et al. 2002) . A study of outport populations found that only 1%-8% of the population were immigrants to the area, and that 60% of births were to parents originating from the same community (Bear et al. 1987) . Estimated inbreeding coefficients (F IS ) for two such communities on the Avalon and Northern Peninsulas were 0.0032 and 0.0171, respectively (Bear et al. 1988) .
Expected genetic consequences of these historical phenomena for the present-day descendants of the early Newfoundland settlers are those characteristic of small, isolated populations: founder effect, genetic drift, and inbreeding. In consequence, a number of genetic diseases show high prevalence in the island portion of the province with respect to its source populations, including Bardet-Biedel syndrome Moore et al. 2005) , nonpolyposis colorectal cancer (Woods et al. 2005) , and late infantile neuronal ceroid lipofuscinosis (Moore et al. 2008) . For the maternally inherited mitochondrial DNA (mtDNA) genome, predictable stochastic consequences include loss or skewed representation of European haplogroups and their subtypes among the small founding groups, subsequent fluctuation of haplogroup frequencies within and among persistently small communities, and ultimately loss of heterogeneity with respect to the source populations.
In this study, we seek to determine whether historical events have significantly altered mtDNA haplogroup proportions in this culturally unique and isolated Canadian population with respect to the European source populations. We make parallel analyses of variation in mtDNA genomes and in a panel of biparentally inherited microsatellite loci for a set of individuals with matrilineal ancestries documented at least as far back as the 19th century colonial period. To maximize resolution of differences among individuals, their assignment to subhaplogroups, and the presence of unusual haplotypes with respect to the extant database, we obtained complete mtDNA genome sequences. To determine any consequences of the genetics of small populations, we also ask whether there is significant partitioning of nuclear variance, either with respect to mtDNA haplogroups or ethnic groups, or among individuals with respect to the total population (inbreeding).
Materials and methods

Choice of individuals
Individuals included in this study were selected from an extant DNA library at the Memorial University Faculty of Medicine, St. John's, Newfoundland. Individuals were screened on the basis of a questionnaire about matrilineal ancestry, with informed consent. Among these, we were able to identify a total of 27 individuals whose genealogical records documented their matrilineal English, Irish, or French ancestries in Newfoundland at least as far back as the 19th century colonial period, including six prior to 1850 (Table 1) . Because these individuals and their ancestors are drawn from throughout the island, rather than from any one community, analysis of these matrilines can only identify founder, drift, and inbreeding effects in descendants of the ancestral population as a whole.
Polymerase chain reaction: dideoxy and microarray
DNA sequencing
The complete mtDNA genomes of the 27 individuals were enzymatically amplified by the polymerase chain reaction in either 24 (for dideoxy sequencing) or 14 (for microarray sequencing) overlapping segments (Rieder et al. 1998; Pope 2003 Pope , 2007 . The mtDNA sequences of 19 individuals were determined with an ABI 377 automated DNA sequencer (Applied Biosystems, Inc., Richmond, California). ABI Sequencing Analysis v.3.2 software was used to extract sequence data. Sequences were assembled and edited with the Sequencher 4.9 software (Gene Codes Corporation, Ann Arbor, Michigan). The mtDNA genomes of 10 individuals were determined by a combination of microarray sequencing with a commercially available MitoChip (v.1.1) (Maitra et al. 2004 ) (Affymetrix, Inc., Santa Clara, California) for 15 452 bp of the mtDNA genome, not including the Control Region (CR), and conventional dideoxy sequencing to complete the remaining sequence. Two individuals (Fr1 and Fr2) were sequenced by both methods (Table 1) .
Microarray sequencing procedures followed those of the GeneChip CustomSeq Resequencing Array v.2.0 protocol (Affymetrix, Inc.). Data for each position consisted of four fluorescent intensity values, one for each of the four possible bases (A, C, G, or T), from both DNA strands. For each position for either strand, our algorithm (Flynn and Carr 2007; Carr et al. 2008 Carr et al. , 2009 cf. Maitra et al. 2004; Hartmann et al. 2009 ) assigns the presumptive call as that of the highest signal, and calculates a confidence score (dS/N) as the difference between the highest and second-highest signals, divided by the sum of the signals at all four bases. Based on our previous analysis (Flynn and Carr 2007) of Fr2, we used two thresholds, dS/N 0.10 and 0.13, for lower and higher confidence single nucleotide polymorphism (SNP) calls, respectively (see Supplementary data, Table S1 ). 2
Phylogenetic analysis
Maximum parsimony (MP) trees were constructed with PAUP*4.0 (Swofford 2002) based on the complete genomes with 100 random sequence additions and tree bisection and reconnection (TBR) branch swapping. Analyses were run either with all sites weighted equally or with known hypervariable sites in the CR effectively weighted as zero by exclusion from the initial parsimony analysis. Confidence in branch nodes was determined by 10 000 bootstrap replications, with two random addition orders each and TBR branch swapping. Chi-square tests were performed by a Monte Carlo method designed for small cell values (Roff and Bentzen 1989) .
Microsatellite fragment analysis
A panel of 15 dinucleotide microsatellite loci was chosen from the Marshfield Clinic Screening Set 10 list of loci (Rosenberg et al. 2002) . Fluorescently labeled primers were either custom-prepared by Applied Biosystems Inc. or obtained from the ABI PRISM Human Linkage Mapping Set v2.5. PCR amplification was performed in 10-20 mL volumes containing 1Â PCR Master mix (Promega Corp., Madison, Wisconsin). For loci D7S247 and D11S969, 1 mmol/L concentrations of each primer were used (Smith 2009 ). For all other loci, 0.3 mmol/L primer concentrations were used and the final MgCl 2 concentration was increased by 1 mmol/L. Thermal cycling was done in a GeneAmp PCR System 9700 thermal cycler (Applied Biosystems Inc.) with the following profile: 95 8C for 2 min; 10 cycles of 94 8C for 15 s, 55 8C for 15 s, and 72 8C for 30 s; 20 cycles of 89 8C for 15 s, 55 8C for 15 s, and 72 8C for 30 s; 72 8C for 10 min. For loci D7S247 and D11S969, an alternative profile was used: 95 8C for 4 min; 35 cycles of 95 8C for 30 s, 50 8C for 30 s, and 72 8C for 1 min; 72 8C for 7 min. Fragment analysis was performed with the Applied Biosystems Inc. 3730 DNA analyzer. The size of each allele at Table 1 . The ''French Shore'' runs northwestward from Bonavista around the Northern Peninsula to Point Riche, and historically as far south as Cape Ray. St. John's is the first settlement, capital, and largest city, and is part of the English Shore that runs southward from Bonavista along the eastern shore of the Avalon Peninsula to Trepassey. The right-hand panel shows English settlements as of 1675: note that most were founded by five or fewer families (after Mannion 1977).
each locus was determined with Peak Scanner (Applied Biosystems Inc.).
Microsatellite description statistics and population structure analysis
For each locus, we calculated the number of alleles, expected and observed heterozygosity (H E and H O ), and F IS with Genepop (Raymond and Rousset 1995) . Linkage disequilibrium among all pairs of loci and a global estimate of F IS and conformance to Hardy-Weinberg expectations were also evaluated with Genepop (http://kimura.univ-montp2.fr/ rousset/Genepop.htm). F ST and R ST among subgroups of individuals partitioned either by English or Irish ethnicity or inclusive mtDNA clade (H + I, J + T, and K + U) were calculated with Arlequin (http://cmpg.unibe.ch/software/ arlequin3/) (Excoffier et al. 2005 ). An independent estimate of the number of distinct genetic clusters (K, evaluated from 1 to 27) within the sample was made with Structure (http:// pritch.bsd.uchicago.edu/structure.html) (Pritchard et al. 2000) , with the admixture model, a burn-in period of 10 000, and 100 000 Markov chain Monte Carlo (MCMC) repetitions.
Results
DNA sequence differentiation, haplogroup assignments, and ethnicity
All sequences were submitted to GenBank and assigned the accession numbers HQ287872-HQ287898. A total of 197 SNP sites were identified, of which 82 were phylogenetically informative sensu Nei (1987) (see Supplementary data, Table S2 ). The mean pairwise difference among genomes is 24.9 ± 12.1, with a range of 1-56 differences. Genomes here differ by up to 15 substitutions from the next most similar in GenBank (accessed August 2010). Five pairs of individuals have identical CR sequences.
Haplogroup assignments were initially made (Pope 2003 (Pope , 2007 according to the presence or absence of canonical restriction sites and characteristic SNP signatures (Macaulay et al. 1999; Richards et al. 1998 Richards et al. , 2000 Maca-Meyer et al. 2001; Brandstätter et al. 2006) as subsequently confirmed with the Mitomaster tool (Brandon et al. 2009 ) and the PhyloTree database (van Oven and Kayser 2009) . A majority of Newfoundlanders examined are assignable to the most abundant haplogroup, H, which has been subdivided into more Note: Where a matrilineal lineage is known to have existed in Newfoundland one or two generations prior to the most recent maternal ancestor with a documented birth date, the age of lineages marked~are estimates made by subtracting 20 years (one generation) from the oldest documented birth date, and those of the form~1830s by subtracting 40 years (two generations) and rounding to the interval of the closest decade.
than two dozen subgroups on the basis of one or a few SNP markers each (Mishmar et al. 2003; Loogväli et al. 2004; Torroni et al. 2006; Roostalu et al. 2007 ). Of these, H1 (including three subtypes), H3, H5, and H16 are identifiable in Anglo-Irish Newfoundlanders by nine canonical SNPs (see Fig. 2 ). Another three individuals are not unambiguously assignable to any previously defined H haplogroup. Non-H individuals were also assigned to subhaplogroups based on Mitomaster and PhyloTree.
Proportions of haplogroups among Newfoundlanders collectively (Table 2) 
Phylogenetic analysis
Initial analysis with genomes in haplogroup M identified all of the present individuals as members of haplogroup N (Carr et al. 2008) , and individual Fr2 as the outgroup to the remaining Newfoundland individuals within haplogroup N. The MP analysis of these 27 complete genomes identifies a single minimum-length tree ( Fig. 2A) . The tree requires 231 events; 13 nodes are supported by more than half of bootstrap replications, including six by 90% or more. These include clades corresponding to the established H, J, K, T, and U haplogroups, and the pairing of J + T (van Oven et al. 2009; Brandon et al. 2009 ). The phylogenetic position of the individual En8 assigned to haplogroup I outside the remaining clades is not confirmed by a majority of bootstrap replications.
The MP tree shows extensive homoplasy, especially with respect to the H group. The two genomes assigned to H3 by T6776C are not each other's closest relatives, owing to SNP variation in the CR at positions 16 129 and 16 189 that associates each of them with various other H haplogroup sequen- Brandon et al. 2009 ). Labels show patterns of inferred changes at 11 canonical sites that define haplogroup H (A2706G and C7028T) and subhaplogroups H1a (A16162G), H1c (T477C), H1c1 (A9150G and T16263C), H3 (T6776), H5 (C456T and T16311C), and H16 (C10394T). Sites labeled in italics are subject to homoplasy: note that H3 and H16 are not monophyletic. Subgroup H5 is also supported by T16513C, but this site is characterized in PhyloTree as ''recurrent'' and thus not reliable. (For a complete list of informative sites with diagnoses of homoplasy, see Table S2 of Supplementary data ). (B) As above, with five hypervariable Control Region (CR) sites (16129, 16183, 16189, 16311, and 16519) excluded from the parsimony analysis. The single minimum-length tree with the topology shown requires 216 events at the remaining sites: with changes at the five excluded sites restored in the most parsimonious manner, the tree requires an additional 18 changes for a total of 234 events (consistency index = 0.83). Topology and branch lengths are identical to those in A, except within the H haplogroup as indicated; patterns within H1a and H1c are unchanged. Note that the H3 and H16 subhaplogroups are monophyletic as defined by T6776 and C10394T, respectively.
ces. The pairwise sequence difference between the two H3 haplotypes (8) is slightly greater than that between them and two H16 haplotypes (5-6). Likewise, the assignment of three genomes to H16 by C10394T contrasts with the patterns implied by SNPs in the CR at 16 189 and 16 311. There are also 12 SNP sites that indicate homoplasic change between one or more individual sequences in the H group with non-H haplogroups (see Supplementary data, Table  S3 ).
Positions 16 129, 16 189, and 16 311, as well as 16 183 and 16 519, are known to be subject to recurrent mutations such that that their phylogenetic implications are considered less reliable than those inferred from other, non-CR SNP sites (cf. van Oven et al. 2009; Brandon et al. 2009 ). Accordingly, we performed a second parsimony analysis with these five sites excluded, saved the tree topology, and superimposed the changes at the excluded sites on this topology in the most parsimonious manner. The resulting tree (Fig. 2B) requires 18 changes at the five CR sites (a net increase of three for an overall length of 234) and alters relationships among H-haplogroup sequences such that the two canonical SNPs T6776C and C10394T are synapomorphies that define H3 and H16, respectively.
Microsatellite structure
The mean number of alleles per locus is 7.9 (range 6-10) ( Table 3 That is, there is no allocation of individuals to subsamples that would minimize either departure from Hardy-Weinberg expectations or linkage disequilibrium with respect to the sample as a whole.
Discussion
European haplogroup variation in Newfoundland
The European population includes seven mtDNA haplogroups (H, J, K, T, U, V, and X) that occur at frequencies >5%, plus several minor haplogroups (including I), all within the N supergroup (van Oven et al. 2009; Brandon et al. 2009 ). Of these, six (H, J, K, T, U, and I) were identified among 27 Newfoundlanders. A majority of Newfoundlanders examined are assignable to one or another subtype of the most abundant haplogroup H (Loogväli et al. 2004; Brandstätter et al. 2006; Roostalu et al. 2007 ). The possibility that some of these H subtypes may represent multifurcation nodes is well recognized (Torroni et al. 2006 ). Attempts to classify cladistic haplogroups by phenetic signatures based on single SNPs may be hindered by the occurrence of mutational hot spots or more rapidly evolving nucleotide sites (Richards et al. 2000; Loogväli et al. 2004) , as occurs also in other nonhuman species (Carr et al. 2008; Carr and Marshall 2008a, 2008b) .
In the present data for example, the G3010A SNP that defines H1 shows homoplasy with respect to haplogroup J. Homoplasy is also evident at 12 other sites between sequences in the H and non-H haplogroups (see Supplementary data, Table S3 ). Within H, three individuals are not definitely assignable to any previously defined subgroup, although each has at least one SNP associating it with one or another H subtype; their basal placement in Fig. 2B suggests these are not novel types originating within the Newfoundland population. The hierarchal arrangement of the PhyloTree classification tacitly assumes that the H-group signature SNPs define monophyletic lineages and are not subject to homoplasy, as in Fig. 2B . However, in Fig. 2A , such an assumption of irreversibility of the single canonical coding-region SNPs for either H3 (T6776C) seen in En14 and Ir3, or for H16 (C10394T) seen in En9, contrasts with a more parsimonious reconstruction based on three other sites in the CR, which suggests an alternative hypothesis where the H3 and H16 signature SNPs have evolved in parallel. Although H subgroups defined by one or two SNPs are widely used as analytical units in human mitogenomic phylogeography (Loogväli et al. 2004; Brandstätter et al. 2006; Roostalu et al. 2007 ), we suggest that there is no a priori reason to assume that the defining third-position silent transitions are not subject to homoplasic reversal. The possibil- 
ity that independent patterns of nucleotide substitution may evolve in other, less well-characterized populations should be considered. In the present analysis, the most parsimonious explanation of the data requires three events fewer than the alternative with the monophyly of H3 and H16 preserved. The two missing (or as yet unidentified) haplogroups, V and X, constitute, respectively, 4%-5% and 1%-2% of modern Europeans (Richards et al. 2000; Torroni et al. 2006) . Frequencies of haplogroup V in England and western Ireland are estimated as 2.4% and 5.7%, respectively (Torroni et al. 2001) ; the estimated frequency for X in northwestern Europe and Scandinavian are both~1% (Reidla et al. 2003) .
Scandinavian populations did not contribute directly to the founding population of Newfoundland. The Viking settlement from Iceland ca. CE 1000 at L'Anse aux Meadows on the Northern Peninsula of Newfoundland was withdrawn after less than 100 years, did not involve intermarriage with local First Nations or aboriginal peoples, and left behind no known descendants (Wallace 2003) . Viking (i.e., Norse) contribution to the Anglo-Irish gene pool during the same period and thence to Newfoundland immigrants would be indirect (Helgason et al. 2001) .
First Nations haplogroups in Newfoundland
Phylogenetic analysis associates individual Fr2 with haplogroup A2 (Carr et al. 2008 ): a GenBank BLAST search (accessed August 2010) indicates differences of five substitutions from the next most similar individuals, all described as Native Americans. Haplogroup A2 is associated with northeastern Eurasian natives and North American First Nations and aboriginal peoples (Malhi et al. 2001; Mishmar et al. 2003) . One such is the Mi'kmaq, a nation of the Algonquian First Nations language group who occupied most of Atlantic Canada by the middle of the 18th century and who established permanent settlements on the island of Newfoundland by the early 1800s (Bartels and Janzen 1990; Martijn 2003) . The Mi'kmaq population is known to include individuals assigned to the A2, C, and X CR haplotypes (Malhi et al. 2001) . Individual Fr2 shares 12 characteristic SNPs in the HVS-1 (Supplementary data, Table S3 ) and HVS-2 of the CR with two haplogroup A2 Mi'kmaq from Nova Scotia, and differs from either at only one site each in this region. We previously hypothesized that this individual is the matrilineal descendant of a Mi'kmaq mother and a French father (Carr et al. 2008) . Individual Fr2 has French matrilineal ancestry to at least 1862 from the Port au Port Peninsula of the ''French Shore'' on the west coast of the island, a region with a long history of Mi'kmaq-French intermarriage: offspring of such unions are noted before 1850 (Story et al. 1999) . Study of isolated European founder populations in the Gaspé Peninsula of Quebec, another region originally inhabited by the Mi'kmaq and other Algonquian First Nations, also identified the presence of eight mtDNA HVS-1 A, C, and X haplotypes, as well as the rarer D haplotype (Moreau et al. 2009 ). Individual Fr2 is distinguishable from both Gaspasian haplogroup A haplotypes (Supplementary data, Table S3 ).
The Beothuk were the only aboriginal group residents in Newfoundland at the time of first European contact, and became extinct in the 1820s (Marshall 1996) . The HVS-1 sequence of individual Fr2 is distinct from those of two historical Beothuk individuals, who have been assigned to the C and X haplogroups (Kuch et al. 2007 ). The Beothuk X HVS-1 motif differs from that of six other known eastern Mi'kmaq and (or) Gaspasian X haplotypes (Supplementary data, Table S3 ), and the Beothuk C HVS-1 motif differs markedly from the other known eastern Mi'kmaq C motif, such that a close relationship between the two First Nations groups is not supported (cf. Kuch et al. 2007 ).
Comparison of three additional Newfoundland Mi'kmaq C and X CR sequences confirms this (Collier 2010) . The Beothuk C HVS-1 motif is indistinguishable from the single Gaspasian C motif, but the comparison includes several uncertain sites. 
Mito-nuclear genome structure of Newfoundlanders
Neither loss of mtDNA heterogeneity nor skewed haplogroup frequencies with respect to the European source population can be demonstrated in the present data. If a particular haplogroup were over represented in the maternal founding population of a particular community, the initial association of this haplogroup with a set of nuclear alleles might be expected to persist for a number of generations. Similarly, if there were a significant shift in haplogroup frequencies between the English and Irish founders, partitioning of the nuclear variance would be expected. Although the microsatellite data do not provide evidence of linkage disequilibrium, they do detect slight but significant F IS , on the same order as previously calculated from genealogical data in one local population (Bear et al. 1988) . Given the broad geographic sampling here, F IS might arise from ''Wahlund effect'' in an admixture of two or more differentiated populations. The absence of a significant F ST suggests that this does not arise from differences between English and Irish ethnic groups per se. Another recent study of Newfoundlanders also found no marked founder effect, as measured by degree of linkage disequilibrium on one nuclear chromosome, with respect to other isolated populations and a European control population (Service et al. 2006 ). Molecular genetic studies focused on single small isolated communities in Newfoundland may yet identify founder, drift, and inbreeding phenomena on local scales (cf. Bear et al. 1987 Bear et al. , 1988 Crawford et al. 1995; Martin et al. 2000) .
The mtDNA results contrast with those from other European-derived Canadian founder populations, including the Acadian population on the Gaspé Peninsula of Quebec (Moreau et al. 2009 ) that showed loss of rare haplotypes, changes in the relative frequency of non-H haplogroups, and loss of diversity, as well as more extensive admixture of First Nations haplogroups. The Gaspé study assigned individuals to haplogroups based on a few hundred base pairs from the HVS-1 and HVS-2 regions and allele-specific oligonucleotides (ASOs) for SNPs elsewhere in the genome, which would tend to underestimate genomic diversity. In our data, where all individuals have unique whole-genome sequence, analysis of just the CR region would fail to resolve differences between five pairs of individuals.
Haplogroup proportions in English and Irish Newfoundlanders are not significantly differentiated (Table 2) Table S3 ); both differ from their continental French compilation (analysis not shown). English Newfoundlanders examined belong predominantly (71%) to haplogroup H. A significant shift in haplogroup frequencies between pre-1000 CE and contemporary English populations has been documented (Töpf et al. 2006) , including an increase in the frequency of haplogroup H from~30% to 53%. The elevated frequency of H in the Newfoundland English data is suggestive, although the differences are not significant from either the historical or contemporary European samples in Töpf et al. (2006) or in Moreau et al. (2009) . Should more extensive or focused sampling of Newfoundland outports identify any such shift as significant, the question would then arise whether these reflect founder and drift effects over the history of the colonial period, precolonial patterns arising from nonrandom sampling of the British populations, shifts in the English population since the colonial period, or combinations of any of these. Given the near-400 year insularization of the oldest Newfoundland lineages, identification of distinctive lineages that have persisted in the Newfoundland population while going extinct elsewhere would be genealogically and historically illuminating. With the rich tradition of family history and well-documented genealogy available in Newfoundland (Rahman et al. 2003) , these questions are amenable to further study.
